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Chemical Data for Bottom Sediment, Lake 
Water, Bottom-Sediment Pore Water, and 
Fish in Mountain Creek Lake, 
Dallas, Texas, 1994-96

By S.A. Jones, P.C. Van Metre, J. Bruce Moring, C.L. Braun, J.T. Wilson, and B.J. Mahler

Abstract

Mountain Creek Lake is a reservoir adjacent 
to two U.S. Department of the Navy facilities, the 
Naval Weapons Industrial Reserve Plant and the 
Naval Air Station in Dallas, Texas. A Resource 
Conservation and Recovery Act Facility Investiga 
tion found ground-water plumes containing chlori 
nated solvents on both facilities. These findings led 
to a U.S. Geological Survey study of Mountain 
Creek Lake adjacent to both facilities between June 
1994 and August 1996. Bottom sediments, lake 
water, bottom-sediment pore water, and fish were 
collected for chemical analysis.

INTRODUCTION

Mountain Creek Lake, a reservoir on Mountain 
Creek in Dallas, Texas, has two U.S. Department of 
the Navy facilities on its northwest shore (fig. 1). A 
Resource Conservation and Recovery Act Facility 
Investigation is being conducted by the Southern 
Division Naval Facilities Engineering Command 
(SOUTHDIV) at the Naval Weapons Industrial Reserve 
Plant (NWIRP) in Dallas. A base closure is underway at 
the adjacent Naval Air Station (NAS). Monitoring and 
evaluation of potential contamination sites at the 
NWIRP and NAS by a private consulting firm indicated 
the possibility of on-site and off-site contamination 
(Jeffrey James, EnSafe/Allen & Hoshall, written 
commun., 1994, 1996, and 1997). Concern for off-site 
contamination led SOUTHDIV to request that the U.S. 
Geological Survey (USGS) determine if selected chem 
ical constituents could be detected in Mountain Creek 
Lake and adjacent streams. In June 1994, the USGS 
began the collection and chemical analysis of lacustrine 
bottom sediments, lake water, bottom-sediment pore 
water, and fish in Mountain Creek Lake, and bottom

sediment from streams near the lake. Stormwater was 
monitored in a related study being conducted by the 
USGS. Results from sampling in 1994 and early 1995 
(Phase I) led to an expanded second phase of study 
beginning in June 1995 (Phase II). Phase II was 
designed to refine the occurrence and distribution infor 
mation collected in Phase I.

Two potential contaminant pathways from the 
Navy facilities to Mountain Creek Lake are ground- 
water discharge to the lake and stormwater runoff into 
the lake. The major constituents of concern in ground 
water are volatile organic compounds (VOCs) espe 
cially trichloroethylene (TCE) and its degradation prod 
ucts dichloroethylene (DCE) and vinyl chloride (VC)  
and chromium. A consultant to the Navy, EnSafe/Allen 
& Hoshall (E/A&H), mapped plumes of TCE and chro 
mium in shallow ground water that extend to the lake 
shore along the northeastern part of Cottonwood Bay 
(fig. 2). TCE also has been detected in water samples 
from the two lagoons that receive stormwater runoff 
from the NWIRP and discharge to the lake. Semivola- 
tile organic compounds (SVOCs), polychlorinated 
biphenyls (PCBs), and metals have been detected in 
sediments in the two lagoons on the NWIRP site, and 
SVOC and PCB soil contamination sites have been 
identified on the NAS (Jeffrey James, EnSafe/Allen & 
Hoshall, written commun., 1994, 1996, and 1997).

Purpose and Scope

The purpose of this report is to present chemical 
data from the analysis of lacustrine bottom sediments, 
lake water, bottom-sediment pore water, and fish in 
Mountain Creek Lake, and bottom sediment from 
several small streams near the Navy facilities. Bottom- 
sediment samples were collected and analyzed for 
VOCs, SVOCs, pesticides, PCBs, polychlorinated 
naphthalenes (PCNs), carbon, major and trace

Abstract
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Figure 1 . Location of sediment, lake-water, and fish sampling sites for Phase I of the Mountain Creek Lake study, 
Dallas, Texas.
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Figure 2. Location of pore-water sampling sites for Phase I of the Mountain Creek Lake study, and 
trichloroethylene concentrations as mapped by EnSafe/Allen & Hoshall at the Naval Weapons Industrial Reserve 
Plant, Dallas, Texas (Jeffrey James, EnSafe/Allen & Hoshall, written commun., 1996).
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elements, grain size, cesium-137, and poly cyclic aro 
matic hydrocarbons (PAHs) during 1994,1995, and 
1996. Lake-water samples were collected and analyzed 
for VOCs, selected pesticides, field properties, nutri 
ents, carbon, and major and trace elements during Octo 
ber 1994. Bottom-sediment pore-water samples were 
collected and analyzed for VOCs and major and trace 
elements in 1994 and 1995. Fish samples were collected 
and analyzed for pesticides, PCBs, major and trace ele 
ments, VOCs, and SVOCs during 1994 and 1995. Not 
all constituents were analyzed for every site or for every 
sample.

Study Area

The study area is located in the cities of Dallas 
and Grand Prairie in north-central Texas (fig. 1). 
Mountain Creek Lake is south of the NWIRP and NAS 
(fig. 1) and is owned and operated by Texas Utilities. 
The dam on Mountain Creek was built in 1928 and 
serves as a source of cooling water for the Texas Utili 
ties power plant. The 314-acre NWIRP facility began 
operation in 1941 and has manufactured military and 
commercial aircraft since that time. The facility is 
government-owned, and the contract operator is 
Northrup Grumman. The 837-acre NAS facility began 
operation in 1928 as Hensley Field. The projected base 
closure date is the end of 1998.

Acknowledgments
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ation of personnel from the NAS and from Northrup 
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acknowledged.

SITE SELECTION 

Phase I

Seventeen lake sites in Mountain Creek Lake 
(including Cottonwood Bay) and 3 stream sites in the 
Mountain Creek drainage were selected for bottom- 
sediment sampling; 4 sites were selected for lake-water 
sampling; 10 sites were selected for bottom-sediment 
pore-water sampling; and 3 sites were selected for fish 
sampling during Phase I (table 1). Sampling locations 
were recorded in the field using a hand-held global posi 
tioning system (GPS) and were described relative to 
nearby landmarks.

Bottom Sediment

The 17 lake bottom-sediment sites sampled 
during Phase I were selected to broadly cover the entire 
lake with a bias to closer spacing of sites near the Navy 
facilities (fig. 1, table 1; MCL-1 through MCL-13, 
Bay-7,11,13,16). The selection of each site was 
based on reconnaissance sediment-core sampling and 
on an understanding of sedimentation processes hi res 
ervoirs. Fine-grained sediments generally carry the vast 
majority of hydrophobic contaminants (constituents 
that tend to sorb to sediments), including trace ele 
ments, PAHs (a subgroup of SVOCs), and PCBs 
(Bradford and Horowitz, 1982). These sediments are 
widely dispersed in lakes and reservoirs and typically 
are transported into deeper, calmer waters before final 
deposition on the lake bottom. In Mountain Creek Lake, 
fine-grained sediments generally were 20 meters (m) or 
more from shore and in about 1 -m-deep or deeper water. 
These areas of fine-grained sediment deposition were 
sampled during Phase I because hydrophobic con 
taminants commonly are present in the fine-grained 
sediments, rather than in the coarser sands and gravels 
near shore. Reconnaissance coring was done prior to 
collection of samples for chemical analysis to determine 
if fine-grained sediment was present at the proposed 
sampling site.

Nine of the lake sites were located in Cottonwood 
Bay between the NAS and the NWIRP (MCL-5,6,7,9, 
13, Bay-7,11,13,16), and 4 sites were located in the 
main body of the lake near the NAS (MCL-8, 10,11, 
12). These 13 sites were located near potential contam 
ination sources identified on the NWIRP and NAS facil 
ities or near major stormwater outfalls from the 
facilities to the lake. The four remaining lake sites were 
located in the main body of the lake 3 sites in the pre- 
reservoir channel of Mountain Creek from near where 
the creek flows into the lake to near the dam (MCL-1, 
2,4), and 1 site near the shore opposite from the NAS 
near the Texas Utilities power plant (MCL-3). The 17 
lake sites were located to provide a reconnaissance- 
level description of the extent of any contamination in 
bottom sediment and to determine background sedi 
ment chemistry for the lake.

Samples of deeper, older sediments also were col 
lected at four sites in the lake (MCL-4,7, Bay-11,13). 
These consisted of vertically discrete samples collected 
by gravity core. Deeper sediment-core samples can pro 
vide information on historical changes in chemical con 
centrations (Van Metre and Callender, 1997). The

Chemical Data for Bottom Sediment, Lake Water, Bottom-Sediment Pore Water, and Fish in Mountain Creek Lake, Dallas, Texas, 
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Table 1. Summary of samples collected and constituent groups analyzed during Phase I of the Mountain Creek 
Lake study, Dallas, Texas

[Page number of data in "Chemical Data" section. VOCs, volatile organic compounds; SVOCs, semivolatile organic compounds; 
PCBs, polychlorinated biphenyls; PCNs, polychlorinated naphthalenes]

Bottom-sediment samples

Site ID 
and type

MCL-1 box core

MCL-2 box core

MCL-3 box core

MCL-4 gravity core 
box core

MCL-5 box core

MCL-6 box core

MCL-7 gravity core 
box core

MCL-8 box core

MCL-9 box core

MCL-10 box core

MCL-1 1 box core

MCL-1 2 box core

MCL-1 3 box core

Bay-7 gravity core 
box core

Bay-11 gravity core 
box core

Bay-13 gravity core

Bay-16 box core

NAS-2 streambed

NAS-3 streambed

NAS-4 streambed

Station number

324210096581601

324301096572401

324330096563301

324341096570501

324346096590601

324343096590601

324411096584201

324326096581701

324413096582701

324356096575201

324402096573101

324411096572901

324400096585101

324413096582801

324416996583401

324409096583401

324413096582101

324432096572301

324436096573501

324444096573701

Date VOCs

06-28-94
10-05-94

06-28-94

06-28-94

06-28-94 
06-28-94

06-29-94

06-29-94

06-29-94 
06-29-94
10-05-94

06-29-94
11-04-94

06-30-94

06-30-94

06-30-94

06-30-94
10-05-94

11-04-94

01-24-95 1-2 1-3 
11-02-94

01-24-95 1-2  1-3 
11-O2-94

01-23-95 1-2  1-3
11-02-94

10-05-94

10-05-94

10-06-94

SVOCs

1-7  1-11

1-7  1-11

1-7  1-11

I_4  1-6 
1-7 1-11

1-7  1-11

1-7  1-11

1-4  1-6 
1-7  1-11

1-7 1-11

1-7  1-11

1-7  1-11

1-7  1-11

1-7  1-11

1-7  1-11

1-7  1-11

1-7  1-11

1-4  1-6

1-7  1-11

1-12  1-13

1-12  1-13

1-12  1-13

Lake-water samples

Site ID Date

MCL-1 10-12-94

MCL-4 10-12-94

MCL-12 10-12-94

MCL-13 10-12-94

p t. Properties, nutrients, 
VOCs ;.rf " carbon, major and 

Cloes trace elements

1-31 1-32

1-31 1-32

1-31 1-32

1-31 1-32

1-33  1-34

1-33  1-34

1-33  1-34

I_33_I_34

Site ID

MCL-12 

Bay 6.5

Bay 7

Bay8 

Bay 11

Bay 12

Bay 13

Bay 14

Bay 16

Bay 19

Pesticides, 
PCBs, PCNs, 

carbon

1-16
1-17

1-16

1-16

1-14 
1-16

1-16

1-16

1-14 
1-16
1-17

1-16
1-17

1-16

1-16

1-16

1-16
1-17

1-17

1-17

I_14__ I_15

1-17

1-18

1-18

1-18

Major and Grain 
trace elements size

1-25  1-26 1-29
1-29

1-25  1-26 1-29

1-25 1-26 1-29

1-19  1-24 1-27 
1-25  1-26 1-29

1-25 1-26 1-29

1-25  1-26 1-29

1-19  1-24 1-28 
1-25  1-26 1-29

1-29

1-25  1-26 1-29

1-25  1-26 1-29

1-25  1-26 1-29

1-25  1-26 1-29

1-25  1-26 1-29
1-29

1-25  1-26

1-25  1-26

I_19__I_24 1-28
1-25  1-26

1-29

1-29

1-29

Cesium-137

1-30

Bottom-sediment pore-water samples

Station 
number

324411096572901 

324414096582802

324413096582801

324412096582801 

324416096583401

324414096583401

324409096583401

324407096583401

324413096582101

324413096583101

Date VOCs

01 24-95 I 35 I 39

11-03-94 1-35  1-39

11-03-94 1-35  1-39

11-03-94 1-35  1-39 

11-03-94 1-35  1-39
11-02-94 1-35  1-39

11-02-94 1-35  1-39

11-02-94 1-35  1-39

11-03-94 1-35  1-39

11-03-94 1-35 1-39

Major and trace 
elements

1-40

1-40

1-40

1-40

SITE SELECTION



Table 1. Summary of samples collected and constituent groups analyzed during Phase I of the Mountain Creek 
Lake study, Dallas, Texas Continued

Site ID

Fish-tissues samples

Date Pesticides, Major and 
PCBs trace elements

MCL-1 September 1994 1-41 1-42

MCL-7 September 1994 1-41 1-42

MCL-12 September 1994 1-41 1-42

number of samples collected down gravity cores varied 
depending on core lithology and potential contamina 
tion history. At each sampling site, 2 to 13 vertically dis 
crete samples were analyzed for organic constituents 
and 2 to 36 vertically discrete samples were analyzed 
for trace elements.

Streambed sediments were collected at three 
sites near the NAS property line to determine chemical 
characteristics of bottom sediments in streams draining 
the facility (NAS-2, 3,4). All three drainages contain 
possible contamination sources identified on the facil 
ity, and all three drain to Mountain Creek downstream 
from Mountain Creek Lake.

Lake Water

Lake-water samples were collected at four sites, 
MCL-1,4, 12, and 13 (fig. 1, table 1). The sites were 
located to measure water quality in areas where contam 
ination was expected (MCL-12 and MCL-13), in the 
main body of the lake (MCL-4), and at the background 
site (MCL-1). Sites were co-located with sediment- and 
fish-sampling sites (MCL-1, MCL-12) to provide 
information on all three media at these locations.

Bottom-Sediment Pore Water

Thirteen sites in the northeastern end of Cotton- 
wood Bay were identified for field screening of VOCs 
in pore water (fig. 2; Bay-5 to Bay-14, Bay-16,19). 
These sites were selected on the basis of ground-water 
plume maps provided by E/A&H and on hypothesized 
flowpaths of shallow ground water into the lake. A 
transect of sites, BAY-5 through BAY-10, is located 
normal to the lake shoreline and in the center of where 
the plume contacts the lake. Sites in the prereservoir 
stream channel and to the south of the channel near the 
NAS shore also were included. Bulk sediment samples 
collected at the 13 sites were screened in the field using

a field gas chromatograph (GC) for the presence of 
tetrachloroethylene (PCE), TCE, DCE, benzene, tolu 
ene, and m-xylene. Samples were collected for labora 
tory analysis of VOCs at 9 of those sites (Bay-6.5,7,8, 
11, 12,13,14,16, 19), and samples were collected for 
major and trace element analysis at 3 sites (Bay-7, 
11,13) (table 1). Sites and depths where pore-water 
samples were extracted for laboratory analysis were 
selected in the field on the basis of results of field 
screening. A tenth site, in the body of the lake near the 
NAS shore (MCL-12), also was sampled for laboratory 
analysis of VOCs and major and trace elements in pore 
water (table 1).

Fish

Fish from three sites were sampled to make an 
initial assessment of contaminants in fish tissues (fig. 1, 
table 1; MCL-1, 7, 12). Fish and other aquatic organ 
isms bioaccumulate hydrophobic organic compounds 
because of the high lipid solubility of these compounds. 
Fish sampling sites overlap or are immediately adjacent 
to bottom-sediment and lake-water sampling sites. This 
overlap can help define the distribution of contaminants 
among media and aid in the identification of the sources 
and fate of potential contaminants. Two of these sites 
(MCL-7,12) were selected to measure potential con 
tamination near the Navy facilities. The third site 
(MCL-1) was selected to describe background condi 
tions in the lake; however, because of their mobility, fish 
from all parts of the lake could be affected by localized 
contaminants.

Phase II

Forty-four lake sites in Mountain Creek Lake 
and 4 stream sites were sampled for bottom sediments 
(fig. 3), and 11 fish-collection areas were identified for 
collection of fish (fig. 4) during Phase II to better define

Chemical Data for Bottom Sediment, Lake Water, Bottom-Sediment Pore Water, and Fish in Mountain Creek Lake, Dallas, Texas, 
1994-96
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Figure 3. Location of sediment sampling sites for Phase II of the Mountain Creek Lake study, Dallas, Texas.
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the extent of contamination in the lake and nearby 
streams. Phase II samples were collected between June 
1995 and August 1996. Sites were located using a GPS 
with a reported accuracy of 1 m.

Bottom Sediment

The 44 lake sites sampled during Phase II 
(fig. 3, table 2) were designed to map in more detail 
the distribution of contaminants in areas where con 
tamination was found during Phase I and to identify out 
falls that were potential sources of bottom-sediment 
contamination. Samples were collected from the top 3 
centimeters (cm) of sediment at all 44 sites. At eight 
locations in the bay (M2.1, M2.8, M2.9, M2.ll, M2.13, 
M2.14, M2.17, M2.20), one or two deeper layers of sed 
iment also were collected using the box corer. At 
M2.40, multiple samples of deeper sediments were col 
lected using the gravity corer.

Twenty-nine sites were sampled in Cottonwood 
Bay (M2.1 through M2.22), the canal connecting Cot 
tonwood Bay and the main body of Mountain Creek 
Lake (M2.24 through M2.27), and along the southern 
shoreline of the NAS near the runway (M2.28 through 
M2.30). Cottonwood Bay was sampled to obtain the 
spatial distribution of contaminants and to provide data 
to estimate the mass of contaminated sediment present. 
Cottonwood Bay sites (M2.1 through M2.22) were 
distributed throughout the bay and included sites adja 
cent to major stormwater outfalls and solid-waste- 
management units (SWMUs) that could potentially 
contribute contaminants to the lake. The canal and run 
way sites were used to determine if PAHs, detected at 
MCL-8 during Phase I, were being moved by currents 
from the bay through the canal and into the main lake, 
or if there was a source of PAHs along the north shore 
of the canal or the inlet just west of the runway. The site 
south of MCL-8 (M2.30) was sampled to determine the 
spread of PAHs into the lake.

Nine samples were collected at sites along the 
east side of the NAS, between near-shore sites where 
relatively larger concentrations of some contaminants 
were found during Phase I, and in the middle of the lake, 
where relatively smaller concentrations were found 
(M2.31 through M2.36, M2.40, M2.44, M2.45).

Six sites were sampled in the inlet near the east 
side of the NAS in shallow, near-shore areas (M2.37, 
M2.38, M2.39, M2.41, M2.42, M2.43). The data from 
Phase I were used to test two assumptions. The first 
assumption is that contaminants are associated predom

inantly with fine-grained sediments. The second 
assumption is that contaminant concentrations in areas 
of fine-grained sediments have relatively large lateral 
correlation scales, and therefore, a single-point sample 
is representative of a larger area. These assumptions are 
based on a conceptual model of how hydrophobic con 
taminants sorb onto sediments and how sediments are 
deposited. Concentrations of trace elements and hydro- 
phobic organic contaminants (including PCBs and 
PAHs) have been shown to be strongly correlated with 
grain size and percent organic carbon of sediments, 
respectively (Horowitz and Elrick, 1987; Smith and 
others, 1988). Fine-grained sediments transported to the 
lake (generally during storms) are expected to disperse 
and be deposited as the water velocity decreases. Fine 
grained sediments deposited in shallow, near-shore 
areas are subject to resuspension by wave action and 
periodic lowering of lake levels. Resuspended sedi 
ments are deposited and resuspended until they finally 
are deposited in deeper waters with less turbulence 
where they generally remain for long periods of time. 
Therefore, contaminant concentrations are expected to 
be relatively small in shallow, near-shore sediments that 
are predominantly sand. Concentrations in horizontal 
layers of fine-grained sediments in deeper waters are 
expected to be relatively larger and uniform over dis 
tances of tens of meters.

In addition to the 44 lake sites, 4 streambed sites 
were sampled during Phase II (M2.23, M2.46, M2.47, 
M2.48). Sediment contamination was found in samples 
from streambeds draining the northeast part of the NAS 
during Phase I. To investigate off-site transport, two 
sites downstream from the contaminated areas were 
sampled in Phase II (M2.46, M2.47). The site locations 
were chosen downstream of Phase I sites on the basis of 
a reconnaissance of the stream channels. Samples also 
were collected from the north and south branches of 
Cottonwood Creek west of the bay (M2.23 and M2.48) 
to assess chemistry of sediments entering the bay from 
Cottonwood Creek drainage, a mixed land-use area of 
Grand Prairie that includes some commercial and resi 
dential development.

Fish

Selection of areas for collection of fish samples 
(fig. 4) was based on both the results of a fishing- 
behavior survey that indicated primary recreational 
fishing locations and species caught, and the need to 
represent the entire range in expected contaminant
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Table 2. Summary of samples collected and constituent groups analyzed during Phase II of the Mountain Creek 
Lake study, Dallas, Texas

[Page number of data in "Chemical Data" section. PAHs, polycyclic aromatic hydrocarbons; PCBs, polychlorinated biphenyls; PCNs, polychlorinated 
naphthalenes; VOCs, volatile organic compounds; SVOCs, semivolatile organic compounds]

Bottom-sediment samples

Site ID and type

M2.1 box core
M2.2 box core
M2.3 box core
M2.4 box core
M2.5 box core
M2.6 box core
M2.7 box core
M2.8 box core
M2.9 box core
M2. 10 box core
M2.ll box core
M2. 12 box core
M2.13 box core
M2. 14 box core
M2. 15 box core
M2. 16 box core
M2. 17 box core
M2.18 box core
M2. 19 box core
M2.20 box core
M2.21 box core
M2.22 box core
M2.23 streambed
M2.24 box core
M2.25 box core
M2.26 box core
M2.27 box core
M2.28 box core
M2.29 box core
M2.30 box core
M2.31 box core
M2.32 box core
M2.33 box core
M2.34 box core
M2.35 box core
M2.36 box core
M2.37 box core
M2.38 box core
M2.39 box core
M2.40 gravity core

box core
M2.41 box core
M2.42 box core
M2.43 box core
M2.44 box core
M2.45 box core
M2.46 streambed
M2.47 streambed
M2.48 streambed

Station 
number

324415096582405
324413096582505
324414096583105
324412096583205
324411096583105
324414096583305
324412096583205
324416096583505
324414096583405
324411096584001
324411096584205
324406096583901
324408096584405
324406096584205
324405096584005
324402096584805
324402096584805
324400096584505
324358096585505
324356096585305
324356096585105
324350096585905
324399096597201
324350096585301
324342096584101
324336096583101
324332096582401
324338096581505
324327096581705
324302096581405
322358096580005
324358096575505
324404096573105
324400096572305
324400096571701
324406096573005
324414096573301
324414096573201
324412096573105
324411096572901

324415096582401
324415096573401
324415096573201
324414096572405
324404096571405
324470096574501
324485096569901
324372096594501

Date

07-10-96
07-10-96
07-10-96
07-10-96
07-10-96
07-11-96
07-11-96
07-10-96
07-10-96
05-16-96
06-19-96
05-17-96
06-19-96
06-19-96
06-19-96
06-19-96
06-19-96
06-19-96
06-20-96
06-20-96
06-19-96
06-20-96
08-19-96
05-16-96
05-17-96
05-16-96
05-16-96
06-18-96
06-17-96
06-18-96
06-17-96
06-18-96
06-18-96
06-18-96
05-14-96
06-18-96
05-15-96
05-15-96
06-18-96
05-15-96
05-15-96
05-15-96
05-15-96
05-15-96
06-18-96
06-18-96
08-20-96
08-20-96
08-19-96

PAHs

H_6  H-15
H_6  H-15
H_6  H-15
II-6  11-15
II-6  11-15
II-6  11-15
H-6  11-15
H_6  H-15
H_6  H-15
H_6  H-15
II-6  11-15
II-6  11-15
H_6  H-15
II_6  H-15
H_6  H-15
n-6  11-15
H_6  II-15
II-6  11-15
II-6  11-15
H_6  H-15
II-6  11-15
H_6  H-15
11-16
II-6  11-15
II_6  H-15
II_6  H-15
II-6  11-15
II-6  11-15
H_6  H-15
II_6  n-15
II-6  11-15
H_6  H-15
II-6  11-15
H_6  H-15
II_6  H-15
H_6  H-15
II-6  11-15
n-6  11-15
n-6  11-15
n-2  n-5

n-6  n-15
ii_6_ n-15
H_6  H-15
H_6  H-15
II-6  11-15
11-16
H-16
11-16

Pesticides, Major and trace 
PCBs, PCNs elements, carbon

H_19_II_20
H_19_II_20
11-19  11-20
H-19  H-20
H_19_II_20
H_19_II_20
n-19  H-20
11-19  11-20
11-19  11-20
H_19_II_20
11-19  11-20
11-19  11-20
11-19  11-20
II_19_H_20
11-19  11-20
11-19  11-20
H_19_II_20
II_19_H_20
11-19  11-20
II_19_H_20
H_19_II_20
H_19_II_20
11-21
H_19_II_20
H-19- 11-20
II_19_H_20
n-19  11-20
11-19  11-20
11-19  11-20
n-19  11-20
11-19  11-20
H_19_II_20
n-19  11-20
11-19  11-20
n-19  11-20
11-19  11-20
H-18  11-20
II-18  11-20
11-18  H-20
11-17

11-18  11-20
11-18  n-20
n-18  n-20
n-i9  n-2o
11-19  11-20
11-21
11-21
11-21

11-23  11-26
11-23  11-26
11-23  11-26
11-23  11-26
11-23  11-26
11-23  11-26
H-23  11-26
II-23  11-26
11-23  H-26
11-23  11-26
H-23  11-26
11-23  11-26
11-23  H-26
n-23  11-26
11-23  11-26
11-23  n-26
11-23  11-26
11-23  11-26
11-23  n-26
11-23  n-26
11-23  11-26
11-23  11-26

11-23  11-26
11-23  11-26
11-23  11-26
11-23  11-26
11-23  11-26
11-23  11-26
11-23  11-26
11-23  11-26
11-23  11-26
11-23  11-26
11-23  11-26
11-23  11-26
11-23  11-26
II-23  11-26
11-23  11-26
11-23  11-26
11-22
11-23  n-26
11-23  n-26
H-23  11-26
11-23  n-26
11-23  n-26
11-23  11-26

Grain Cesium- 
size 137

11-27  11-28
11-27  11-28
11-27  11-28
11-27  11-28
11-27  H-28
11-27  11-28
11-27  11-28
11-27  11-28
11-27  11-28
11-27  11-28
11-27  11-28
11-27  11-28
11-27  11-28
11-27  11-28
11-27  11-28
11-27  11-28
11-27  11-28
11-27  11-28
11-27  11-28
11-27  11-28
11-27  11-28
11-27  11-28

11-27  11-28
11-27  11-28
n-27  11-28
n-27  11-28
11-27  11-28
11-27  11-28
n-27  11-28
11-27  11-28
11-27  11-28
n-27  11-28
11-27  11-28
n-27  11-28
11-27  11-28
11-27  11-28
11-27  11-28
11-27  11-28
11-27 11-29

11-27  11-28
11-27  11-28
11-27  11-28
11-27  11-28
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Table 2. Summary of samples collected and constituent groups analyzed during Phase II of the Mountain Creek 
Lake study, Dallas, Texas Continued

Fish-tissues samples
Fish- 

collection 
area

1

2

3

4

5

6

7

8

9

10

11

Date VOCs

June-August 1995

June-August 1995 11-30  11-31

June- August 1995

June- August 1995

June- August 1995

June-August 1995

June-August 1995 11-30  11-31

June-August 1995 11-30  11-31

June-August 1995

June-August 1995 11-30  11-31

June-August 1995

SVOCs Pesticides, PCBs

11-32  11-33 11-34  H-39

II_34_H_39

H-32  11-33 H-34  11-39

11-32  11-33 11-34  11-39

H_34_II_39

11-32  H-33 11-34  11-39

II_34_H_39

Major and trace 
elements

11-40  11-43

11-40  11-43

H-40  11-43

11-40  11-43

11-40  11-43

11-40  11-43

11-40  H-43

concentrations. Most areas of collection overlap sites 
where surficial bottom-sediment samples were col 
lected. Within selected collection areas, sampling 
efforts were focused on suitable habitats for the target 
taxa such as emergent or submergent macrophyte 
(aquatic plant) beds, undercut banks, and physical struc 
tures such as old tires and woody or concrete debris. 
Fish were collected at 7 of the 11 fish-collection areas 
identified (2,4, 7, 8, 9,10,11).

COLLECTION METHODS

Most of the data included in this report were col 
lected using methods of the USGS National Water- 
Quality Assessment (NAWQA) Program. Descriptions 
of methods used to collect bottom-sediment, lake-water, 
bottom-sediment pore-water, and fish samples are given 
below.

Bottom Sediment

Two types of sediment samplers were used during 
this investigation: box corers and gravity corers. At sites 
where surficial samples were collected by box core, a 
gravity core was collected to determine the thickness 
and character of lacustrine sediments. The gravity core 
was collected by free-falling the core barrel into the bot 
tom sediment. The core was extruded and described on

site. Each core penetrated the prereservoir land surface, 
providing an approximate date marker of 1928. The 
core description included color, texture, presence of 
biota and detrital matter, and identification of the 
boundary between lacustrine sediment and prereservoir 
sediment.

Box cores were collected using a 15- by 15- 
by 20-cm Wildco box corer (fig. 5) (Van Metre and 
Callender, 1997). The sampler was lowered very gently 
by rope or by cable from a winch into the lacustrine sed 
iments, then immediately raised to avoid pushing sedi 
ment up through the top screen of the sampler. The top 
3 cm of the sample were extruded by sliding the plexi 
glass liner down onto a piston, which pushed the sample 
up into an empty liner. A plexiglass plate was used to 
horizontally slice off the sample, which was then 
homogenized and placed into sample containers for 
shipment to the laboratory. The box corer provided 
more material for analysis for an equivalent thickness 
of sediments and collected a less disturbed sample of 
surficial sediments than the gravity corer. Sampling the 
top 3 cm provided consistency and comparability 
among samples from different locations. One or two 
deeper intervals, usually 3 to 9 cm and 9 to 15 cm, were 
sampled from box cores at eight sites in the bay during 
Phase II. These samples were collected from the same 
box-core sample used for the 0- to 3-cm interval.

COLLECTION METHODS 11



Figure 5. Wildco box corer used for collecting box cores from surficial lake-bottom sediments. Photograph 
provided by Betty A. Phillips, Wildco Wildlife Supply Co., Saginaw, Mien.

Gravity cores were collected using a 3-m-long, 
6.5-cm-diameter, Benthos gravity corer (fig. 6). Core 
liners for the Benthos gravity corer were used only once 
and came from the manufacturer individually wrapped. 
They are made of macrolon polycarbonate plastic. 
Cores were collected by inserting a liner into the sample 
barrel and free falling the sample barrel from a boom on 
the boat into the lacustrine sediments. A winch was 
used to raise the sampler back onto the boat where the 
liner was removed, capped, labeled, and stored verti 
cally until it could be returned to shore for subsampling. 
The cores were subsampled as soon as possible after 
collection. The approach for subsampling a core is to 
vertically extrude the sample, using a piston that fits 
snugly inside the core liner and is mounted in a wooden 
stand. Samples of the desired vertical interval are then 
sliced off with a thin stainless steel plate. The sample is 
transferred to an appropriate container for shipment to 
the laboratory.

Pesticide, PCB, SVOC, and organic carbon sam 
ples were collected in 500-milliliter (mL) baked-glass 
wide-mouth jars. Inorganic samples, including trace 
elements and cesium-137, were collected in 125-mL 
acid-washed Nalgene jars. Grain-size samples were col 
lected in scalable plastic bags.

Bulk-sediment (sediment and pore-water) sam 
ples for VOC analysis were collected by removing bulk 
sediment from the middle of each vertically extruded

subsample from a gravity core and transferring it to a 
vial for field screening or laboratory analysis. The trans 
fer was done using a plastic syringe with an open 
mouth. The center of the 5-cm core sample was plugged 
using the syringe. The syringe was then inserted into the 
vial, and the sample extruded. The vial was filled in this 
manner to prevent head space in the sample container. 

Streambed sediments were collected following 
the methods of Ward and Harr (1990). The surficial 
material from the streambed was collected and compos 
ited, then wet sieved in the field using native water. The 
less-than-0.063-millimeter (mm) fraction (silt and clay) 
was retained for inorganics analyses. The less-than-2- 
mm fraction was retained for organics analyses. Wet 
sieving provides better comparability among samples 
because smaller grain size corresponds to a greater spe 
cific surface area, to which many trace contaminants 
adsorb.

Lake Water

Prior to sample collection, a vertical profile of 
temperature, pH, specific conductance, and dissolved 
oxygen was made. Field properties were measured at 
0.6-m intervals by lowering a tube to the desired depth 
and pumping water to the surface. Because no ther- 
mocline or oxycline was indicated by the field prop 
erties, one depth-integrated sample was collected at 
each site. Depth-integrated lake-water samples were
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Figure 6. Benthos gravity corer used for collecting long cores from lake sediments. Photograph provided by Peter 
Zentz, Benthos, Inc., North Falmouth, Mass.

collected using a D-77 sampler (fig. 7). The D-77 sam 
pler is epoxy coated to prevent trace element contami 
nation of the sample. Approximately 3 liters (L) of 
water can be collected each time the sampler is lowered 
into the lake; when lowered and raised at a constant rate, 
the sampler collects a depth-integrated sample. Sample- 
processing procedures (compositing, filtering, and 
treating samples) were done following USGS protocols 
(Ward and Harr, 1990).

Bottom-Sediment Pore Water

Bottom-sediment pore-water samples were 
collected for field screening and laboratory analysis. 
The 0- to 5-cm subsample and two or three additional 
subsamples from gravity cores of bottom sediments 
were field screened for VOCs using a portable GC. The 
GC was calibrated with laboratory-prepared standards 
of PCE, TCE, cis-l,2-DCE, benzene, toluene, and 
m-xylene. Selected intervals were chosen from the

cores based on hydrocarbon odors or distinctive colors. 
Ten mL of sediment from the middle of each interval 
was transferred to a 40-mL VOC analysis vial and 
mixed with 10 mL of organic-free deionized (DI) water. 
The vial was shaken for 1 minute and allowed to stand 
for 1 minute. Headspace air was removed by syringe 
and injected into the GC for analysis. In addition, pore 
water squeezed from selected core intervals was placed 
into vials and shaken for 1 minute. A headspace sample 
from the pore water then was injected into the GC for 
analysis.

Samples for laboratory analysis were collected at 
various depth intervals from 10 cores. The samples 
were transferred to an RG core squeezer (fig. 8), cov 
ered with a latex liner and capped. The sample was then 
compressed with nitrogen gas to squeeze the pore water 
out of the sediment. The pore water was recovered from 
an outlet port on the bottom of the squeezer using a 
glass syringe and transferred to a 20-mL vial. The vials

COLLECTION METHODS 13



Figure 7. D-77 sampler used for collecting lake water.

were filled with a measured amount of organic-free 
distilled water to exclude any head space, capped, and 
chilled to 4 degrees Celsius (°C) for shipment to the lab 
oratory. At some sites a second core was collected, and 
pore-water samples were removed for the analysis of 
trace elements. Pore-water sampling for trace elements 
was similar to that for VOCs except organic-free water 
was not added, acid-rinsed poly containers were used, 
and the samples were acidified to pH of 2 with nitric 
acid (HNO3).

Fish Tissues

In Phase I, three composite samples of four or five 
fish each for whole-body common carp (Cyprinus 
carpio) and largemouth bass (Micropterus salmoides) 
fillets were collected and analyzed. In Phase II, individ 
ual fish were collected and analyzed. Phase II samples 
included largemouth bass, common carp, and channel 
catfish (Ictaluruspunctatus), and sample types included 
fillets with skin off, fillets with skin on, and eviscerated 
whole fish.

In September 1994 (Phase I), fish were collected 
using an electrofishing boat. The boat generates a direct 
current that attracts fish to a deployed anode array 
(fig. 9) where the fish are netted. Collected fish were 
placed in an on-board, aerated holding tank that con 
tained water from the site.

During Phase I, 23 common carp and 29 large- 
mouth bass were collected. Carp were collected for 
whole-body analysis of pesticides and PCBs. The fish 
were individually weighed (nearest gram), measured 
for total and standard lengths, rinsed with DI, double- 
wrapped in heavy-duty aluminum foil, and frozen on

site with dry ice. Individual whole fish were composited 
at the laboratory prior to analysis. Each sample was a 
composite of four or five fish. Fillet samples were col 
lected as whole, skinless fillets excised from the left 
side of each largemouth bass after the fish had been 
weighed, measured, and rinsed with DI water 
(Crawford and Luoma, 1994). Individual fillets were 
double-wrapped in aluminum foil and frozen on dry ice. 
Fillet samples were composited at the laboratory. Each 
sample was a composite of fillets from five fish.

Liver tissues were collected from each bass 
and carp and analyzed for major and trace elements. 
Fish collected for liver tissues were individually 
weighed, measured, and rinsed with DI water. From 3 to 
5 grams (g) of liver tissue were excised from each fish 
from lobe(s) opposite the gall bladder, with a minimum 
of 10 g (wet weight) required for a composite sample. 
Samples were frozen on site with dry ice pending ship 
ment to the laboratory for analysis.

Phase II sampling was completed during June, 
July, and August 1995 using an electrofishing boat and 
gill nets. Collection efforts targeted a piscivorous spe 
cies (largemouth bass), a facultative omnivore (channel 
catfish), and a bottom-feeding omnivore (common 
carp). Gill nets were deployed if a target taxon, particu 
larly channel catfish, could not be collected by electro- 
fishing. Gill nets were deployed overnight in fish- 
collection areas 2, 7, and 10 (fig. 4).

Phase II sampling included three types (or 
media) of tissue: fillets with skin on, fillets with skin 
off, and eviscerated (gutted) whole fish (table 3). Num 
bers offish, tissues type, and groups of constituents ana 
lyzed are summarized in table 3. The target sample size 
of 10 fish of each species and tissues type (table 3) was
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Figure 8. RG core squeezer used for collecting pore water from bottom-sediment cores. Photograph provided by 
Betty A. Phillips, Wildco Wildlife Supply Co., Saginaw, Mich.

Lower boom support 
Boom vertical pivot

Safety line Standard boom Boom horlzonta, p,vot mount

Figure 9. Anode array on electrofishing boat.
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Table 3. Species, size range, sample type, and constituent groups analyzed for fish collected during Phase II of 
the Mountain Creek Lake study, Dallas, Texas

[mm, millimeters; VOCs, volatile organic compounds; SVOCs, semivolatile organic compounds; PCBs, polychlorinated 
biphenyls; -, not applicable]

Sample type

Species

Largemouth bass

Channel catfish

Common carp

Size range 
(total length

in mm) VOCs,
SVOCs

304-352

327-570 (fillets) 5 
240-523 (whole)

420-496

Fillet 
(skin off) 1

Pesticides,
PCBs

13

10

10

Major
smrl tr*£ir*o

elements

10

15

9

Fillet 
(skin on) 1

Pesticides,
PCBs

10

10

-

Eviscerated 
whole fish

Pesticides, arjjai°rce

elements
-

9 11

-

Fillets (skin off) and fillets (skin on) were from opposites sides of the same fish.

achieved with the exception of the collection of only 9 
whole-body, eviscerated, channel catfish for analysis 
of organic compounds. Size ranges for largemouth 
bass (304 to 352 mm) and common carp (420 to 496 
mm) were within 25 percent of maximum size as 
planned. The initial set of bass tissues submitted for 
analysis were from fish less than the 16-inch (in.), or 
400-mm, Texas size restriction. Three additional bass 
greater than 16 in. were submitted for analysis for pes 
ticides and major and trace elements on the basis of a 
recommendation from the Texas Department of Health 
(Kirk Wiles, Texas Department of Health, oral com- 
mun., 1996). Difficulties experienced in collecting 
channel catfish precluded meeting size restrictions 
across all tissue sample types.

Collected fish were held in aerated holding tanks 
containing native water until sample preparation. Each 
fish was sacrificed, individually weighed, sexed if pos 
sible, measured for standard and total length, and rinsed 
with DI water. The left-side fillet (skin-off) was 
removed from the fish, weighed, and subsampled for 
trace element and organic analyses, and the remaining 
sample was double-wrapped in aluminum foil. The 10- 
to 20-g subsample for trace element analysis was placed 
in a Nalgene jar. The 3- to 5-g subsample for VOC anal 
ysis was placed in an amber VOC vial and frozen on site 
in dry ice. Subsamples for SVOCs, pesticides, and 
PCBs were placed in glass containers. The right-side fil 
let (skin-on) from the same fish was excised, weighed, 
and placed in a glass container for pesticide and PCB 
analysis. For eviscerated whole fish, an incision was 
made from just below the opercula to the anus, and all

internal organs were removed. Each eviscerated fish 
was rinsed with DI water and double-wrapped in alumi 
num foil. All tissues samples were individually labeled 
with a unique sample identification number and frozen 
on site with dry ice pending shipment to the laboratory 
for analysis.

ANALYTICAL METHODS

Chemical results are listed in the "Chemical 
Data" section at the end of this report. Concentrations 
are reported three ways: less-than values, estimated val 
ues, or actual sample values. Less-than values indicate 
that the constituent was not detected above a specified 
concentration. Less-than values are based on the 
method reporting level, which is defined as the lowest 
concentration of a constituent that can be identified and 
quantitated within known statistical limits. The method 
reporting level may be raised due to high concentrations 
of target or non-target constituents. Estimated values 
are concentrations that are less than the method report 
ing level but greater than the method detection limit. 
These concentrations are identified as estimated values 
because of the uncertainty associated with concentra 
tions less than the method reporting level. Estimated 
values are typically outside of the calibration range of 
the method.

Bottom Sediment

Grain-size analyses were done at the USGS 
sediment laboratory in Iowa City, Iowa, using the sieve 
and pipet methods (Carol Anderson, U.S. Geological

16 Chemical Data for Bottom Sediment, Lake Water, Bottom-Sediment Pore Water, and Fish in Mountain Creek Lake, Dallas, 
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Survey, written commun., 1993). All chemical analyses 
for Phase I were done at the USGS National Water- 
Quality Laboratory (NWQL) in Arvada, Colo. Phase II 
organic sample analyses were done at the NWQL, and 
trace element analyses were done at a USGS National 
Research Program laboratory in Reston, Va. Phase I 
pesticide and PCB analyses were done by gas chroma- 
tography/electron capture detection (Wershaw and 
others, 1987). Phase I analyses for SVOCs were done 
following the methods of Foreman and others (1994). 
Phase n analyses for PAHs were done following 
Foreman and others (1994), and pesticide and PCB 
analyses were done on organic-solvent extracts using 
the extraction procedures described by Foreman 
and others (1994) and the quantification procedures 
described by Wershaw and others (1987). Phase I major 
and trace element concentrations were determined 
on concentrated-acid digests (nitric-hydrofluoric- 
perchloric acids) using inductively coupled plasma- 
atomic emission spectrometry (ICP-AES). Phase n 
analyses included ICP-AES and determination of 
chromium, lead, and zinc by graphite-furnace atomic 
adsorption; mercury by cold vapor; and selenium by 
hydride generation (Lichte and others, 1987; Fishman, 
1993).

Lake Water

All chemical analyses were done by the 
NWQL using the procedures described in Fishman 
and Friedman (1989) and Fishman (1993). Major ele 
ment concentrations were determined by colorimetric 
analysis, trace element concentrations were determined 
using ICP, and organic carbon concentrations were 
determined with a carbon analyzer. Pesticide concentra 
tions were determined by gas chromatography/mass 
spectrometry (GC/MS) and by high pressure liquid 
chromatography. VOC analyses were done using 
GC/MS.

Bottom-Sediment Pore Water

All chemical analyses were done by the NWQL. 
VOC analyses were done using GC/MS, similar to U.S. 
Environmental Protection Agency (USEPA) method 
524.2 (Donna Rose, U.S. Geological Survey, written 
commun., 1995). Major element concentrations were 
determined by colorimetric analysis, and trace element 
concentrations were determined using ICP (Fishman 
and Friedman, 1989).

Fish Tissues

All samples were prepared and analyzed by the 
NWQL. Composite samples (Phase I) and individual 
fish samples (Phase n) analyzed for pesticides and 
PCBs were first homogenized to form a single compos 
ite sample or homogenate. AlO-g homogenate sub- 
sample was extracted with organic solvents and gel 
permeation chromatography (GPC) procedures to con 
centrate and remove lipids from the extract. Percent 
lipid was determined for each sample to allow for nor 
malization of data as needed. Prepared extracts were 
analyzed by gas chromatography/electron capture 
detection (Lieker, 1994), and concentrations of individ 
ual compounds were quantified at a reporting level of 
5.0 micrograms per kilogram (|ig/kg) wet weight. PCBs 
and chlordane compounds were reported as aroclors 
1242, 1254, and 1260, and as technical chlordane, 
respectively.

Liver tissues and fillets subsampled for trace ele 
ment analysis were prepared by oven drying to a con 
stant weight, dissolution of the sample by acid digestion 
and the addition of hydrogen peroxide (H2O2), and fil 
tration of remaining insoluble materials (U.S. Geologi 
cal Survey, 1993). Concentrations of trace elements 
were determined in the acid-digested biological mate 
rial (Fishman and Friedman, 1989; Faires, 1993). 
Whole-body, eviscerated samples were homogenized 
using a stainless steel grinder, and a 20-g subsample 
split was retained for trace element analysis following 
the procedures described above. Reagent blanks, con 
sisting of preweighed Whatman  cellulose paper, were 
processed through the grinder to determine possible 
contamination from the grinding procedure.

VOCs were analyzed using a method similar to 
the method recommended by the USEPA for analysis of 
VOCs in fish tissues (Easley and others, 1981). Ten mL 
of organic-free water was added to each VOC subsam 
ple in a 3/4-in.-diameter glass test tube and then spiked 
with a surrogate solution. The sample was then sonified 
with a sonic disrupter for 2 minutes in an ice bath and 
then loaded into a Tekmar  2016 autosampler. The 
sampler is outfitted with a modified purge needle. The 
sample was heated to 70 °C for 2 minutes prior to the 
purge cycle. The sample was desorbed into the GC, 
which is temperature programmed from -20 to 160 °C, 
and analyzed by electron impact mass spectrometry in 
the full scan mode.

ANALYTICAL METHODS 17



Quality-Control Samples SELECTED REFERENCES

Selected laboratory quality-control sample 
results for Phase I and II of this study are listed in the 
"Chemical Data" section of this report. Replicate 
samples are listed in the data tables and identified by 
footnote. Trace element laboratory quality-control 
information for Phase I analyses was not reported for 
individual samples, but method quality-assurance 
information is available (Arbogast, 1990).

SUMMARY

A Resource Conservation and Recovery Act 
Facility Investigation conducted by a private consultant 
to the U.S. Navy found ground-water plumes containing 
chlorinated solvents on the NWIRP and on the NAS. 
Metals, SVOCs, and PCBs were found in soil and sedi 
ment samples from sites on both facilities, including 
sites with surface drainage to the lake. These findings 
led to a USGS study of potential contamination in 
Mountain Creek Lake adjacent to both facilities. This 
report describes sampling and analytical methods and 
presents chemical data from the USGS study of Moun 
tain Creek Lake during June 1994-August 1996.

The Mountain Creek Lake study was designed 
to determine if contaminants from the Navy facilities 
have migrated, or continue to migrate, to the lake. To 
determine if any of the contaminants found at the facil 
ities had migrated to the lake, samples of lacustrine bot 
tom sediments and streambed sediments, lake water, 
bottom-sediment pore water, and fish were collected. 
Bottom-sediment samples were collected at 68 sites (20 
Phase I and 48 Phase II) and analyzed for selected con 
stituents and properties including VOCs, SVOCs, pesti 
cides, PCBs, PCNs, carbon, major and trace elements, 
grain size, cesium-137, and PAHs during 1994,1995, 
and 1996. Lake-water samples were collected from four 
sites and analyzed for VOCs, selected pesticides, field 
properties, nutrients, carbon, and major and trace ele 
ments in October 1994. Bottom-sediment pore-water 
samples were collected from 10 sites and analyzed for 
VOCs and major and trace elements in 1994 and 1995. 
Fish samples were collected from 3 sites during 1994 
and from 7 collection areas during 1995. Selected fish- 
tissue analyses were done on 6 composite samples 
(Phase I) and 62 samples (Phase II) for VOCs, SVOCs, 
pesticides, PCBs, and major and trace elements. Not all 
constituents were analyzed at every site or for every 
sample.
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CHEMICAL DATA

PHASE I SAMPLING RESULTS
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